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The records of 23 infants who underwent surgical repair of
isolated totally anomalous pulmonary venous connection were
reviewed to assess the accuracy of pre- and postoperative echo-
cardiographic diagnoses. Preoperative cehocardiographic diag-
noses were accurate in 22 or 23 patients, including the sites of
connection of the Individual pulmonary veins . Cardiac catheter.
iaatiou in 13 patients confirmed the echocardtographle 8ndlngs .
Analysis of multiple pre. and postoperative variables revealed no
statistically significant difference between the infants with and
without catheterization, although there was a tendency toward a
higher mortality rate in the catheterized group.
Postoperative echaardiographic examination revealed oh .
struction to pulmonary venous return in 7 of 19 patients. Cache.
terizatioa confirmed the echneardiographic findings, localizing the
obstruction in one patient.
Optimal surgical correction of totally anomalous pulmonary
venous connection requires accurate and complete delinea-
tion of the anatomic details . Two-dimensional echocardiog-
raphy offers an excellent noninvasive means of diagnosing
totally anomalous pulmonary venous connection (1-5) . In
addition, Doppler color flow mapping facilitates identifica-
tion of the precise site of connection of each individual
pulmonary vein .
Recently, repair of totally anomalous pulmonary venous
connection diagnosed by echocardiography, without pre-
operative cardiac catheterization, has been reported (6,7) .
Since the diagnosis is usually made in the neonatal period,
often in critically ill infants for whom invasive procedures
carry increased risk (8), rapid noninvasive diagnosis is
desirable
. In late 1984, we began operating on selected
neonates with totally anomalous pulmonary venous connec-
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The size of (he veuoatrial anastomosis was measured on
postoperative echocardiograms performed on 14 patients . The
cross-sectional area of the anaslomosis was <0 .3 cmzlm' of body
surface area in the four patients with obstruction of the anaste-
mosis, and >0.95 em'lm' in all long-term survivors examined .
Two-dimensional echocardiography, with pulsed Doppler ex.
amNation and Doppler color flow mapping is an excellent means
of diagnosing totally anomalous pulmonary veuuus connection .
The connections of the individual pulmonary veins can be identi-
fied in nearly all cases. Surgical repair can usually be undertaken
on the basis of echocardiographic diagnosis alone . Echocardiog-
raphy also provides an extremely accurate method of evaluating
surgical repair and of identifying and localizing postoperative
obstruction to pulmonary venous return .
(J Am Coll Cardiol 1991;18:1746-51)
tion without cardiac catheterization if each of the individual
pulmonary veins was visualized echocardiographically,
A retrospective study was designed to assess the accu-
racy of two-dimensional echocardiography in identifying the
precise anatomic details in totally anomalous pulmonary
venous connection, and to determine what additional infor-
mation is obtained by cardiac catheterization. The role of
echocardiography in the postoperative management of to-
tally anomalous pulmonary venous connection and pulmo-
nary venous obstruction was also examined, and a method
was devised for assessing the size of the venoatrial anasto-
mosis .
Methods
Study patients. All infants who underwent repair of iso-
lated totally anomalous pulmonary venous connection at
The Children's Hospital in Boston between January 1983
and January 1989 and who underwent two-dimensional echo-
cardiogmphic examination at this hospital were identified by
a search of the computerized cardiology data base . Patients
with heterotaxy syndrome and other associated congenital
cardiac anomalies were excluded
. Each patient's medical
records, echocardiographic reports, catheterization report .
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operative notes and long-term follow-up information were
reviewed .
Preoperative echocardiographic evaluation. L'chocardio-
graphic examinations were performed with either a Hewlett-
Packard model 77020 or an ATL Mark 600 cardiac imager.
using a 5 MHz transducer. Chloral hydrate . 60 mpikg body
weight orally, or morphine sulfate, 0.05 to 0.1 mg/kg intra-
venously, was used for sedation when necessary . Sufi
xiphoid, apical, parasternal and suprasternal notch views
were used in all patients. Doppler color flow mapping was
employed in the nine infants who presented after December
1986. The diagnosis of totally anomalous pulmonary venous
connection was made by using criteria described previously
(4,5).
The individual pulmonary veins and their site or sites of
connection were identified and examined for signs of ob-
struction when possible (5,91 .
Operative management. All infants underwent surgical
repair using cardiopulmonary bypass and deep hypothermic
circulatory arrest . Operative findings were compared with
preoperative echocardiographic diagnoses.
Impact of cardiac catheterization
. Infants woo did not
undergo preoperative cardiac catheterization (Group 1) were
compared with those who did (Group 2) with respect to age
at presentation, preoperative clinical status and type of
pulmonary venous connection . Age at operation, date of
surgery and cardiopulmonary bypass and deep hypothermic
circulatory arrest times were also compared . Pus!opera-
tively, duration of mechanical ventilation . intensive care and
hospital stay as well as late mortality and symptoms at
follow-up study were compared .
Postoperative evaluation . Pulmonary venous obstruction
was suspected postoperatively if one or more of the follow-
ing echocardiogaphic findings were present : 1) A small
anastomosis between the pulmonary venous confluence and
the left atrium ; 2) a continuous, nonphasic, relatively high
velocity Doppler flow signal at the level of the anastomosis
or pulmonary vein orifices ; and 3) systolic flattening of the
ventricular septum suggesting pulmonary hypertension.
Anastosnosis size . The anastomosis between the pulmo-
nary venous confluence and the left atrium was measured
when possible on subxiphoid long- and short-axis images
(Fig. I and 2). The cross-sectional area of the anastomosis
was estimated by using the formula for the area of an ellipse
(12 long-axis dimension x 1/2 short-axis dimension x ,r) .
and was subsequently indexed for body surface area .
Statistical analysis . Wilcoxon rank sum and Fisher exact
tests were employed to test the significance of differences
between Group I and Group 2 .
Results
Patient characteristics. The 23 patients studied are de-
scribed in Table 1 . Four other patients underwent repair of
totally anomalous pulmonary venous connection during the
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Figure l . Subxiphoid long-axis view of the anastomosis between the
pulmonary venous confluence and the left atrium (LA). Arrowheads
I
I indicate margins of the anastomosis. I = patient's left: LPV =
left pulmonary veins: LV = left ventricle : pls = posterior and
superior (cephalad) : RA = right atrium
; RPV = right pulmonary
veins,
study period but did not undergo two-dimensional eehocar-
diographic examination at this institution .
Age at presentation ranged from I to 98 days (median 7) .
Thirteen of the 23 infants underwent preoperative cardiac
catheterization
. 4 at the referring hospital . Of the nine
catheterizations at this institution . four were performed
before December 1984, after which we began operative
repair in selected infants without cardiac catheterization
.
Five patients underwent catheterization between December
Figure 2. Subsiphoid shop-axis view of the anastomosis between
the pulmonary venous confluence WV conf) and the left atrium
(LAI. Arrowheads (') indicate the margins of the anastomosis,
a = anterior: desc An = descending aorta: RA = right
atrium;
RPA
= right pulmonary artery; s = superior (cephalad) .
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Table I . Description of Findings and Outcome in 23 Patients
Ago at
presentation Documemation
Idaysl Echo Diaga,sis
.&0b-croon
1984 and January 1989 at the request
of the individual
cardiologist or surgeon caring for them.
Preoperative echocardiographic evaluation . Echocardiog-
raphy correctly diagnosed the site
of all pulmonary venous
connections in 22 of 23 patients. The site was subdiaphrag-
matic in seven patients, to the coronary sinus in five and
supracardiac in eight . Two patients were correctly diagnosed
as having multiple sites of pulmonary to systemic venous
connection ("mixed" totally anomalous pulmonary venous
connection). Patient 10 had connection of the venous con-
fluence both to a left ascending vertical vein and to a
descending subdiaphragmatic vein
. In Patient 23, the right
puilnonary veins and the left lower vein connected to the
coronary sinus, whereas the left upper vein connected to the
left innominate vein, with a small additional connection to
the coronary sinus .
The echocardiographic diagnosis was incomplete in a
third patient with "mixed" totally anomalous pulmonary
venous connection
. This patient (Case 22) will be discussed
later under "Operative Management ."
Although diagnosis may have been facilitated by Doppler
color flow mapping, no statistically significant difference in
Group I (with cardiac catheteriration)
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Anash a .is
Fc11ow .Ep Size
Outcome (mo)
lornrtm' I
'Supmcardiac anomalous pulmonary vennus connection to the right superior vena ova by ecliocardiogaphy and angiography . At initial opeation, only a
suhdiaphragmatic connection was found: reoperation revealed an additional connection tothe right superiorvens cave
. Cath = cardiac cathetedzelion : Echo=
echocardiography : L . innom . v
. =
left innominale vein
: Mixed = mixed pulmonary venous connectirns : RSVC = right superior vena cove : RSVCIRA =junlion
of fight superior vena cava with right atrium
; Subdiaph. = subdiaphagmetic pulmonary venous connection : Supra . = supaeardiac anomalous pulmonary venous
connection.
accuracy of diagnosis was found when this method was
used .
Various degrees
of preoperative obstruction to pulmo-
nary venous return were identified by echocardiography or
catheterization, or both, in 13 of the 23 patients (Table I) .
In the 23 patients presenting during the study period, all
diagnosed by echocardiography as having isolated totally
anomalous pulmonary venous connection, no significant
additional cardiac lesion was identified by catheterization
(if
performed), surgical findings or subsequent follow-up study .
Operative management
. In 22 of the 23 infants, the diag-
noses at operation were the same as described by echocar-
diography . Surgical exploration revealed an additional
finding in one patient (Case 22) with mixed totally anomalous
pulmonary venous connection . This patient was diagnosed
by echocardiography and angiography to have a small,
tortuous vein connecting the pulmonary venous confluence
to the superior vena cava. This connection was not found at
initial operation
. Instead, a small descending vertical vein
coursing below the diaphragm was divided . Because of
subsequent clinical deterioration with evidence of a persist-
ent left to right shunt, the patient underwent reoperation,
0
22
2!
28
26
98
3
I
0
Subdiaph .
Subdiaph .
Subdiaph .
Subdiaph.
Subdiaph.
Tu c
To coronary sinus
Supra. to L. innom . v.
Sup.. to L. innom . v.
Mixed
Echo
Echo
Echo
Echo
Echo
Asymptomala:
Asymplomatic
Asymptomalic
Asymp can tic
As ymptomalic
Asymplomatic
Asymplomatic
Deceased
Asymptomalic
Asymptomalic
49
6
4
5
24
36
14
4
19
35
1 .18
1 .38
1 .53
0.98
1 .50
0.96
Group 2 (without cardiac catheterizationl
II 0 Subdiaph. Cath Asymplomatic
63
12 0 Subdiaph. Echo.Ca(h Deceased 6
0.24
13 I
To coronary sinus Asymplomatic 6
14 0 To coronary sinus
Echo. Cath Deceased 4 0.25
IS 30 To coronary sinus Cath
Asymplomatic 43 2.16
16 0 Supra. to L. innom. Y
Recurrent pneumonia 70
17 7 tupa. t o L. innom. v .
Deceased (liver disasel 12 0.96
18
95 Sup,.to L. innom. v . Echo Asymplomatic 20
19 84 Supra. 1o L . innom. v .
Asymplomatic 33
20 88 Supra. to RS
C
Curb
Asymplomatic 10 2.27
21
28 Supra. to RSVCIRA Asymplomatic 48
1 .71
22 49
Supra . to RSVC' Echo, Cull, Deceased 2 0.23
23 0 Mixed
Echo. Curb Deceased 6 0.28
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when the connection to the superior vena cava was identified
and ligated .
Impact of cardiac catheterization
. All nine patients who
underwent cardiac catheterization at this institution had an
echocardiographic diagnosis of totally anomalous pulmonary
venous connection before catheterization, The four patients
who underwent catheterization at referring hospitals under-
went echocardiographic examination at Children's Hospital
after transfer.
In all 13 infants who underwent cardiac catheterization .
the anatomic diagnosis was the same as that described by
echocardiography at this institution . In Patient 22, catheter-
ization failed to demonstrate the additional subdiaphrag-
matic connection of the pulmonary veins subsequently found
at operation . No patient had any apparent morbidity as a
result of catheterization
.
There was no difference between Group I (without cath-
eterization) and Group 2 (with catheterization( with regard to
age at presentation (p > 0.05) . or need for mechanical
ventilation (p > 0.5) or intensive care (p > 0 .1) preopera-
lively.
There was no significant difference in age at operation
between Group I (mean 30 days . range I to 112) and Group
2 (mean 39 days, range 2 to 98) . There was also no significant
difference in date of surgical repair or in duration of totally
cardiopulmonary bypass, circulatory arrest or aortic cross-
clamp time during surgical repair (p > 0 .05) . Finally, there
was no difference in duration of ventilatory support . inten-
sive care or hospitalization after surgery .
Postoperative evaluation . There were no deaths in the
immediate postoperative period or during the same hospital-
ization . Five infants eventually died from pulmonary venous
obstruction (one patient in Group I and four patients in
Group 2) . A sixth patient died of biliary atresia at I year of
age. Survivors were followed up from 4 to 70 months
postoperatively .
Echocardiographic evaluation of postoperative venoatrial
obstruction . Nineteen patients underwent postoperative
echocardiographic examination . Twelve patients had no
evidence of obstruction by echocardiography . Except for the
patient with biliary at ,esia . all of these patients are alive and
asymptomatic at long-term follow-up .
Seven patients had postoperative echocardiographic evi-
dence of obstruction to pulmonary venous return by imaging
or Doppler ultrasound, or both . Five of the seven patients
were symptomatic, with onset of symptoms between 15 days
and 2 months after initial surgical repair . Obstruction ap-
peared to be at the venoatrial anastomosis in four of the five
symptomatic patients (Cases 1 2_ . 14. 22 and 23) . The remain-
ing symptomatic patient (Case 8( had right ventricular hy-
pertension by two-dimensional echocardiography, but the
site of obstruction could not be identified echocardiograph-
ically. This patient is discussed later in this section .
Although all four patients with obstruction at or near the
site of anastomosis underwent surgical revision of the veno-
atrial anastomosis, all four died of pulmonary venous ob-
1749
struction between I and 5 months after reoperation . Ob-
struction was demonsrrated by serial echocardiograms to be
progressive in three of the four patients . The fourth patient
had progressive obstruction demonstrated before reopera-
tion but did not undergo repeat echocardiographic examina-
tion in the 4 weeks between reoperation and death
.
Obstruction was found at one (Case 10) or multiple (Case
16) individual pulmonary vein orifices in the two asympto-
matic patients
. Patient 10 did not undergo reoperation and is
asymptomatic at latest follow-up . Patient 16 underwent
surgical exploration of the individual pulmonary veins . The
left pulmonary veins could not be found : the anastomosis
between the right pulmonary veins and the left atrium was
revised
. This patient, who has Treaciter-Collins syndrome . a
repaired tracheeesophageal fistula and a tracheostomv, con-
tinues to have occasional respiratory infections and receives
long-term diuretic therapy . Subsequent echocardiograms
have not demonstrated any obstruction to the remaining
pulmonary veins .
Impact of postoperative catheterization. All seen pa-
tients with echocardiographic evidence of pulmonary venous
obstruction underwent cardiac catheterization . In six pa-
tients, the predicted site of obstruction was confirmed .
Patient 8, in whom the site of obstruction could no
;
be
localized echocardiographically, was found at catheteriza-
tion to have inoperable long segment stenosis of all of the
individual pulmonary veins . Cardiac catheterization was
instrumental in identifying the site of obstruction in this
patient . who died without undergoing reoperation .
Three asymptomatic patients- with no evidence of ob-
struction by postoperative echocardiography . underwent
postoperative cardiac catheterization . The findings at cath-
eterization did not differ significantly from the echocardio-
graphic findings. Two patients underwent neither echocar-
diography nor catheterization in the follow-up period . and
are clinically well.
Anastomosis size . Postoperative echocardiograms were
adequate for measurement of the venoatrial anastomosis in
14 patients . Tka etoss-sectional area of the anastomosis was
calculated ;1n three before reoperation and in one after
reoperation( as <0.3 cm'-lm'-
in all four patients who even-
tually died of obstruction of the anastomosis . In contrast, the
cross-sectional area of the anastomosis was greater than
0.95
cm'-inn-
for all 10 survivors whose anastomoss could be
measured retrospectively . Patient 8, with stenosis of all of
the individual pulmonary veins . had a large anastomosis
11
.5 cm2 /m2 ).
Discussion
Preoperative evaluation. Several investigators (1 .3.6,7,
10-13) have reported their experience repairing various
types of congenital heart defects without preoperative car-
diac catheterization
. To justify this approach, certain criteria
must be met (3). The echocardiographer must be confident
that the cardiac anatomy has been seen well and that the
1750
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correct diagnosis has been made ; and the surgeon must have
confidence in the echocardiographic findings and must be
cognizant of the limitations of the technique,
if the echocardiographic diagnosis is incomplete, cathe-
terization should be performed . Imaging pulmonary veins
beyond their confluence is impossible in some patients,
making it difficult to rule out dicta' obstruction . If the
echocardiographic findings are inconsis,ent with the clinical
presentation or course, confirmation of the diagnosis by
catheterization is warranted .
It has been well documented that the diagnosis of totally
anomalous pulmonary venous connection can be made non-
invasively . Our data further indicate that echocardiography
with pulsed Doppler ultrasound allows identification of the
site or sites of connection of the individual pulmonary veins
with such accuracy that catheterization is unnecessary in
most cases . Given the high degree of accuracy of echocar-
diographic diagnosis in the study patients, the additional
benefit provided by Doppler color flow mapping is difficult to
quantify ; however, this technique appears to facilitate local-
ization of the connections of the individual pulmonary veins,
especially when multiple sites of connection are present .
Alterations in the Doppler color flow map suggesting turbu-
lence or elevated velocity simplify the identification and
localization of obstruction to pulmonary venous return .
When obstruction is suspected, surgical repair should be
performed promptly because affected infants can undergo a
precipitous deterioration in clinical status (14-16) . Echocar-
diography allows rapid preoperative diagnosis with minimal
risk to the patient, and eliminates the need for cardiac
catheterization in most cases . Recently, Lincoln et al . (6)
reported decreased mortality in patients who underwent
repair of totally anomalous pulmonary venous connection
without preoperative cardiac catheterization
. A similar ten-
dency was observed in our series, but this difference did not
achieve statistical significance
.
Postoperative evaluation. Postoperatively, echocardiog-
raphy appears to provide an excellent means of assessing
repair
. In asymptomatic patients, if the Doppler recording
from the individual pulmonary veins and the venoatrial
anastomosis is phasic with a low peak velocity, if the
Doppler color flow profile does not alias, and right ventric-
ular pressure appears low by ventricular septal position or
peak velocity of the tricuspid regurgitation jet, then routine
postoperative cardiac catheterization should not be neces-
sary
. In patients with symptoms of pulmonary venous ob-
struction, the location and degree of obstruction can usually
be determined with use or echocardiographic and Doppler
techniques alone
. Cardiac catheterization should be re-
served for those patients whose site of obstruction cannot be
identified, whose echocardiographic findings are inconsis-
tent with the clinical course or in whom therapeutic cathe-
terizatiun (i .e ., vascular stent placement) is contemplated
.
Anastomosis size, Measurement of the cross-sectional
area of the anastomosis provides a means of assessing
surgical repair quantitatively
. Intraoperative echocardio-
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graphic measurement of anastomosis size is feasible and
could provide an immediate assessment of the adequacy of
the surgical anastomosis. Serial postoperative measure-
ments may be useful for long-term follow-up study of indi-
vidual patients.
Transesophagealechocardiography . The relatively poste-
rior location of the pulmonary veins makes transesophageal
examination of pulmonary venous anatomy particularly
helpful in patients with limited transthuracic echocardio-
graphic windows
. We have found transesophageal echocar-
diography to be an accurate means of examining pulmonary
venous anatomy and obstruction in patients with complex
heart disease (such as heterotaxy syndrome) . The role of
Iransesaphageat echocardiography in the diagnosis and man-
agement of totally anomalous pulmonary venous connection
in infants remains to be seen ; however, it will undoubtedly
facilitate the long-term follow-up of older children and adults
after surgical repair of this lesion .
Conclusions. In this relatively small group of patients,
our experience suggests that it is safe to repair totally
anomalous pulmonary venous connection of all types with-
out cardiac catheterization, when the diagnosis can be made
satisfactorily by echocardiography . In addition, echocar-
diography appears to provide an excellent noninvasive
means of evaluating patients after repair of totally anuraa-
tons pulmonary venous connection .
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